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This  being  the  age  of  Concrete  Construotion 
and  many  ■beautiful  dwellings  and  factory  isuildings  having 
been  built  of  concrete,  the  idea  was  conceived  of  designing 
a  modem  coal  yard  of  such  construction.  While  there 
are  modern  yards  having  some  parts  built  of  concrete,  we 
believe  our  idea  of  entire  concrete  construction  to  be 
original. 

Since  coal  bins  must  be  designed  to  withstand 
any  stresses  due  to  the  pressure  of  the  coal  stored  with- 
in them,  we  are  of  the  opinion  that  plain  concrete  bloolc 
construction  is  hardly  suitable  and  would  certainly  not 
be  economical. 

¥e  believe  that  the  best  stru.cture  would  be  one 
built  of  reinforced  concrete,  the  various  sections  proper- 
ly designed.  Though  such  a  storage  shed  could  not  be 
built  as  cheaply  as  one  of  ordinary  timber  construction, 
8  brief  consideration  of  the  two  types  will  serve  to 
show  the  economy  of  the  former.  A  timber  shed  would  re- 
quire yearly  expenses  for  repairs  and  painting  from  the 
time  it  was  first  constructed,  and  these  would  tend  to 
increase  rather  than  decrease  in  amount.  It  would  be 
necessary  to  set  aside  an  annual  sum  for  insurance 
charges  and  the  general  depreciation  of  the  building 
would  also  have  to  be  taken  into  consideration  if  its 
true  value  was  to  be  determined  each  year. 

With  a  properly  constructed  concrete  shed, 
yearly  expenses  for  repairs,  painting  and  Insurance 
charges  would  practically  be  eliminated  and  there  would 
be  no  necessity  to  figure  a  depreciation  charge  on  the 
structure. 

If  the  relative  costs  of  the  two  types  are 
compared  at  the  end  of  ten  years,  it  will  be  found  that 
the  money  saved  by  the  concrete  structure  in  that  time 
will  more  than  make  up  for  the  increased  first  cost  over 
frame  construction. 
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CONCnETK. 

Concrete  In  an  artificial  stone,  and  if  it 
contains  no  steel,  that  is,  if  it  is  not  reinforced,  it 
is  brittle  lil:e  stone.  Just  as  stone  can  be  used  to 
support  cnopraous  loads,  as  in  foundations,  bridges  and 
dams,  provided  it  is  so  placed  as  to  receive  no  tension 
or  pull,  80  can  concrete  stand  heavy  loading  in  compression 
frith  no  reinforcement, 

Wiien  well  designed  and  properly  constructed,  a 
reinforced  concrete  structure  will  be  safe  for  all  time, 
since  its  strength  increases  with  age,  the  concrete  grow- 
ing harder  and  the  bond  with  the  steel  beooining  stronger. 

While  8teel  and  wooden  structures  grow  weaker 
from  rust  and  decay  ?  concrete  structure  as  stated  above 
grows  stronger  with  time  and  its  life  is  measured  by  ages 
rather  than  by  yearn. 

In  addition  to  its  permanence  and  strength, 
concrete  is  especially  suited  to  the  construction  of 
warehouses,  tewtji'ml  buildings,  bridges,  stations,  ooal- 
pooRets  and  sljnilar  structures  on  account  of  its 
undoubtable  fire-resisting  qualities.  Actual  fires  and 
fire  tests  have  demonstrated  time  and  again  the  ability 
of  reinforced  concrete  to  withstand  even  extraordinary 
fires,  lliis  is  a  valuable  asset  not  only  for  buildings 
and  warehouses,  but  particularly  for  structures  to  be 
used  for  the  storage  of  coal,  since  the  railroads  of 
this  country  have  suffered  in  the  past  raich  inconvenience 
and  expense  through  the  use  of  inferior  bins  of  timber 
or  steel.  The  spontaneous  combustion  to  Trhich  coal  is 
subject  when  stored  in  great  quantities  not  only  results 
in  the  loss  of  the  eosl  itself  and  the  damaging  of  much 
valuable  machinery,  but  also  in  the  destruction  of  the 
bin  if  it  is  constructed  either  of  wood  or  steel, 

in  complianofe  then  with  the  above,  this  design 
will  furnish  concrete  construction  in  all  parts  where 
there  is  a  possibility  of  a  fire  by  combustion.  The 
roofing,  which  will  be  several  feet  above  the  aaximum 
height  of  the  coal  at  any  tine,  will  be  of  steel 
construction,  "ttie  design  of  which  will  be  found  in 
another  part  of  the  boo*:. 


The  spontaneous  Combustion  of  Coal. 

It  was  formerly  thought  that  iron  pyrites  (Pes) 
res  the  principal  factor  in  the  development  of  heat  in 
piles  of  ooal.  The  fact  that  it  ha«  been  present  where 
spontaneous  oombuation  ooeiired  led  to  this  theory  but 
recent  investigations  have  aho-m  that  it  has  little  or 
nothing  to  do  with  it.  The  argument  that  overcomes  such 
a  theory  is  aa  follows:-  'When  moisture  and  Pes  are  both 
present  in  a  pile  of  ooal  they  tend  to  enter  into  chemical 
composition.  This  action  takes  place  between  the  oxygen 
in  the  water  and  the  sulphur  in  the  pyrites.  However  any 
heat  that  may  be  developed  will  be  more  than  overcome  by 
the  remaining  water  present,  some  other  theory  mist 
therefore  be  investig-ated. 

Results  of  long  research  show  that  spontaneous 
ignition  is  caused;  first  by  absorption  of  oxygen  by 
ooal,  second  oxidation  of  coal  itself  which  liberates 
heat.  As  iron  slowly  combines  with  oxygen  resulting  in 
rust  so  coal  oxidizes  and  loses  part  of  its  beneficial 
properties.  Bie  great  difference  between  the  two  is  that 
if  this  slow  oontoustion  is  allo??ed  to  proceed  the  rate 
of  oxidation  will  increase,  which  action  is  contrary  to 
that  of  iron.  As  the  rate  of  absorption  of  oxygen  in- 
creases in  a  geometric  ratio  with  the  rise  of  temperature, 
the  conditions  for  spontaneous  combustion  are  produced 
by  a  certain  initial  temperature,  an  absorption  of  oxygen, 
followed  by  oxidation.  Again  the  tendency  toward  spon- 
taneous combustion  increases  with  the  initial  temperature 
and  the  rate  of  absorption  of  oxygen.  The  rate  of  ab- 
sorption of  oxygen  increases  with  the  temperature  and 
with  the  surface  expo'ped  to  the  air.  This  action  need 
not  be  feared  on  the  surface  coal  when  in  large  lumps, 
as  radiation  will  overcome  any  such  effect,  tout  the  more 
coal  is  broTcen  up  the  more  susceptible  it  is  to  spon?- 
taneous  combustion,  A  property  of  coal  is  that  it  is  a 
very  poor  conductor  of  heat  so  when  closely  packed  as  is 
fine  coal,  cor!il->iARtion  is  not  so  much  to  be  feared,  rine 
duet  scattered  over  the  surface  however  lends  itself  to 
rapid  absorption,  rapid  oxidation  and  finally  cortbustion. 
Hence  clean  coal  is  less  liable  to  action  then  is  dirty 
coal.  It  must  be  considered  however  that  there  is  a 
certain  grinding  action  in  the  lower  strata  in  a  pile  of 
coal  due  to  gravity  action  on  the  upper  strata  even  if 
the  dust  from  the  delivery  car  Is  neglected. 


This  grinding  action,  T*iioh  Is  noted  in  mines  rrtiere  the 
C08l  has  formed,  piwlmoes  the  dust,   causes  a  rise  in 
temperature  and  fresh  surfsoes  for  oxidetion  irhioh  are 
the  ftindanentals  for  spontaneous  combustion, 

inspection  of  the  result  of  c  fire  due  to  spon- 
taneous combustion  in  one  of  Chicago's  large  yards 
shored  only  the  remaining  ends  of  floor  timbers  while 
the  concrete  retaining  wall  which  formed  the  bacK.  of  the 
bin  was  only  sli^tly  discolored.     Concrete  has  stood 
the  test  of  fire  under  numerous  experiments  so  its  ability 
will  not  be  doubted  here.     In  case  a  fire  should  occur 
it  will  only  be  necessary  to  empty  the  bin. 


speoifioations. 

The  speol float ions  as  noted  below  were  obtained 
from  several  books  and  conforia  with  our  idea  of  how 

sueh  speoificatioiis  sliould  be  written. 

specifications  for  Portland-Cement  Conorete, 

1.  Cement:  The  oement  shall  be  Portland,  either  American 
or  foreign,  which  will  meet  the  requirements  of  the 
standard  specifications  adopted  by  the  American  society 
for  Testingr  Materials, 

2,  sand:  The  3and  shall  be  clean,  sharp,  coarse,  and  of 
grains  varying  in  rjise.  It  shall  be  free  from  sticks  and 
other  foreign  natter,  but  it  may  contain  clay  or  loam 
not  to  exceed  five  per  cent.  Crusher  dust,  screened  to 
reject  all  perticles  over  one  quarter  inch  in  diameter, 
raay  be  used  inf9(tf=^ad  of  sand,  if  approved  by  the  engineer. 
S,  Stone:  The  stone  shall  be  sound,  hard  and  durable, 
crushed  to  sizes  net  exceeding  two  inches  in  any  direct- 
ion, ?or  reinforced  concrete,  the  sizes  usually  are  not 
to  exceed  three-qxisrter  inch  in  any  direction,  but  raay 
be  varied  to  suit  the  character  of  the  reinforcing  mat- 
erial, 

4.  Gravel:  The  gravel  shall  be  composed  of  clean  pebbles 
of  hard  and  durable  stone  of  sizes  not  exceeding  two 
inches  in  diameter,  free  from  clay  and  other  impurities 
except  sand,  when  containing  sand  in  any  considerable 
quantity,  the  a:niount  per  unit  of  volume  of  gravel  shall 
be  determined  accurately  to  admit  of  the  proper  pro- 
portion of  sand  being  maintained  in  the  concrete  mixture, 

5,  Vater:  The  water  shall  be  clean  and  reasonably  clear, 
free  from  sulphuric  acid  or  strong  alkalies, 

6,  Mixing  by  Machine:  A  machine  mixer  shall  be  used  as 
the  volume  of  work  will  justify  the  expense  of  installing 
the  plant.  The  necessary  requirements  for  the  machine 
shall  be  that  a  precise  and  regular  proportioning  of 
materials  can  be  controlled,  and  the  product  as  delivered 
shall  be  of  the  required  consistency  and  thoroughly 
mixed, 

7.  Consistency:  The  concrete  shall  be  of  sueh  consistency 
that  when  dumped  in  place  it  Tidll  not  require  much  tamp- 
ing. It  shall  be  spaded  down,  and  be  tamped  sufficiently 
to  level  it  off,  after  which  the  water  should  rise  freely 
to  the  surface. 


^  1  ,    .   , . 


8,  Forms:  (a)  I'orins  shs:ll  hs  well  imllt,  substantial  and 
unyielding,  properly  toraoed  or  ti«d  together  by  means  of 
wire  or  rods,  and  shsll  conform  to  the  line«  given. 

(b)  For  all  important  worl<L,  the  lumber  used  for  face 
work  shall  be  dressed  on  one  side  and  both  edges,  and 
shall  be  sound  and  free  flwm  loose  knots,  secured  to  the 
studding  or  uprights  in  horizontal  lines, 
(o)  For  backing  and  other  rough  ^ork,  undressed  lumber 
may  be  used, 

(d)  ^".'here  corners  of  the  masonry  end  ot?;^r  projections 
liable  to  injury  occur,  suitable  moldings  shall  be  placed 
in  the  angles  of  the   forms  to  round  or  bevel  them  off. 

On  edges  of  piers  and  in  openings  in  walls  we  will  use 
curb-bars  and  aiigl«??t  to  prevent  concrete  from  chipping, 

(e)  liunber  once  used  in  forms  shall  be  cleaned  before 
being  used  again, 

(f)  Tlie  forms  must  not  be  removed  within  thirty-six  hours 
after  all  the  concrete  in  that  section  has  been  placed. 
In  freezing  weather,  they  must  remain  until  the  concrete 
has  had  a  sufficient  time  to  become  thoroughly  hardened, 

(g)  In  dry  but  not  freezing  weather,  the  forms  shall  be 
drenched  with  water  before  the  concrete  is  placed  against 
th  em, 

9,  Depositing:  (a)   Eaoh  layer  should  be  left  somewhat 
rough  to  insure  tondir>g  with  the  next  layer  above:  and, 
if  the  concrete  has  already  set,  it  shall  be  thoroughly 
cleaned  by  scrub'biT^  with  coarse  brushes  and  water  before 
the  next  layer  is  placed  upon  it, 

(b)  Concrete  shall  be  deposited  in  the  moulds  in  layers 
of  such  thickness  and  position  as  shall  be  specified  by 
the  engineer  in  charge.  Temporary  planking  shall  be 
placed  at  the  ends  of  partial  layers,  so  that  none  shall 
run  cut  to  a  thin  edge.  In  general,  excepting  in  arch 
work,  all  concrete  mist  be  deposited  in  horizontal 
layers  of  uniform  thickness  throtighout, 
(e)  The  work  shall  be  carried  up  in  oeotions  of  eonven 
ient  length  and  the  sections  shall  be  completed  without 
intermission. 

(d)  In  no  case  «?hsll  work  on  a  section  stop  within  18 
inches  of  the  top, 

(e)  Concrete  shall  be  placed  immediately  after  mixing, 
and  any  having  an  initial  s^t  shall  be  rejected, 

10,  Expansion  Joints:  in  exposed  work,  expansion  joints 
may  be  provided  at  intervals  of  thirty  to  one,  hundred 
feet,  as  the  character  of  the  structure  may  require 
(30  feet  in  our  case). 
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10  (b)  A  temporary  v«rtloal  form  or  partition  of  plank 
shall  be  set  up,   and  the  section  behind  shall  be  oomplet- 
ed  as  though  it  ;7?re  the  end  of  the  structure.     The 
partition  !?hall  be  removed  ulien  the  next  section  is 
begun,  and  the  new  concrete  shall  be  placed  against  the 
old  without  mortar  flushing, 

(c)  In  reinforced  concrete  the  length  of  these  sections 
may  be  materially''  increased  at  the  option  of  the  engineer. 

11.  Pacing:   (a)  The  facing  may  be  made  by  carefully  worJ:- 
ing  the  coarse  stone  back  from  the  form  by  means  of  a 
shovel,  bar  or  similar  tool  so  as  to  bring  the  excess 
mortar  of  the  concrete. 

(b)  About  one  inch  of  mortar  (not  grout)  of  the  name 
proportions  as  used  in  the  concrete  may  be  placed  next 
to   the  forms  iTmr^dictely  in  advance  of  the  concrete  in 
order  to  secure  a  perfect  face. 

(c)  Care  must  be  taken  to  reroove  ftrom  the  Inside  of  the 
forms  any  dry  mortar  in  order  to  secure  a  perfect  face. 

12.  Reinforced  Concrete:  Where  concrete  is  deposited  in 
connection  with  metal  reinforcing,   the  greatest  care 
must  be  taken  to  insure  the  coating  of  the  metal  with 
the  mortar  and  the  thorough  compacting  of  the  concrete 
around  the  metal.     Whenever  it  is  practicable,   the  metal 
shall  be  placed  in  position  first.     This  can  usually  be 
done  where  the  metal  occurs  in  the  bottoms  of  the  forms, 
by  supporting  the  metal  on  transverse  wires  or  otherwise, 
and  then  flushing  the  bottoms  of  the  forms  with  cement 
mortar,   so  as  to  get  thn  mortar  under  the  metal  and 
depositing  concrete  <.imm«diately  afterward.   The  mortar 
for  flushing  the  bars  shall  be  composed  of  one  part 
cement  and  two  parts  sand.     The  metal,  used  in  the  oon- 
erete  shall  be  free  from  dirt,  oil  or  grease.     Ail  mill 
scale  shall  be  ren»ved  by  hammering  the  metal,  or  by 
immersing  same  in  a  weak  solution  of  miriatic  acid.     No 
salt  shall  be  used  in  reinforced  concrete  itfien  laid  in 
freezing  weather. 
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Specifications  for  Laying  Vitrified  BrioK  Roadway. 

roundstion. 

The  object  of  the  foundation  is  to  artificially 
reinforce  the  prepared  natural  found? t ion  for  like 
purpoees:  that  is,  it  ehall  be  made  to  uniformly  sustain 
the  wearing  surface,  to  fowa  a  itwnolithio  support  to 
whioh  may  be  transmitted  the  weight  of  the  traffic. 
Concrete  Foundation. 

The  rocl^  for  the  concrete  foundation  should  be 
of  hard  quality,  free  from  all  refuse  and  foreign  matter, 
with  no  fragment  isr^p-er  than  will  pass  in  its  largest 
dimension  through  a  two  (2)  inch  ring. 

Clean,  sharp,  dry  sand  shall  be  thoroughly 
mixed  in  its  dry  state  with  an  approved  brand  of  Portland 
cement  until  the  whole  mass  shows  an  even  shade.  The 
proportions  of  mixture  should  be  one  fl)  part  of  cement 
and  three  (3)  parts  of  sand. 

To  thi5  ?bove  mixture  should  be  added  sufficient 
clean  water  to  mix  to  a  plastic  mass,  fluid  enough  to 
rapidly  subside  when  attempted  to  heap  into  a  cone  shape. 

To  this  mixture  of  sand  and  cement  add  six  (6) 
parts  of  damp  crushed  stone,  or  good  gravel  carrying 
sufficient  sand  to  maVie  the  mixture,  and  then  turn  the 
whole  mass  over  not  less  than  three  f?)  times,  or  until 
every  fl»8.gment  is  thorou^ly  coated  with  the  cement 
mixture.  A  template  spanning  the  entire  width  or  one" 
half  fl/s)  C)d'  the  street  may  be  used  as  a  guide  in  level- 
ing the  concrete.  After  "ttiirty-slx  (36)  hours  the  cushion 
sand  may  be  spread. 

Sand  Cushion, 

The  object  of  the  two  (2)  inoh  sand  CT7.shion  is 
to  afford  a  uniform  support  to  the  monolithic  wearing 
surface  -  an  equilibrium  to  the  vibrations  of  the  impact, 
yet  a  relief  so  slight  that  the  cement  bond  will  not  be 
shattered. 

The  sand  should  be  practically  ffee  from  fore- 
ign or  loamy  matter.  It  need  not  necessarily  be  sharp. 
The  cushion  should  be  two  f2)  inches  thick,  thoroughly 
and  unifbrmly  compressed  before  the  brick  are  placed  upon 
it. 

The  sand  ahould  be  sufficiently  fine  so  that 
it  will  pass  through  a  quarter  (1/4)  inch  mesh.  It  should 
be  spread  by  the  aid  of  a  template  having  a  steel  faced 
edge,  reaching  the  whole  or  one-half  (1/2)  the  width  of 
the  street  and  made  to  conform  to  the  true  curvature  of 
the  street  cross-section. 
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The  compressing  should  be  done  with  a  hand  roller  weigh- 
ing fram  three  hundred  (300)  to  four  hundred  (400) 
pounds. 

Expansion  cushion. 

The  object  of  the  expansion  cushion  is  to 
afford  a  relief  to  the  expansive  forces  that  follow  the 
ranges  of  temperature  in  the  pavement,  when  extreme 
ranges  prevail  the  cushion  should  "be  sufficiently  wide 
to  relieve  the  strain. 

An  expansion  cushion  jrust  be  provided  for  par^ 
allel  with  and  next  to  the  curb.  It  shotzld  be  one  (1) 
inch  wide  for  streets  thirty  (30)  feet  and  less  in  width, 
and  one  and  one-hslf  (1  \/?A   inches  in  width  for  streets 
wider  than  thirty  (30)  feet. 

Brick, 

The  use  of  vitrified  bricK  for  paving  is  to 
furnish  a  durable  wearing  plate  which  will  have  little 
traction  resistance  and  the  greatest  amount  of  wear 
resistance,   and  afford  a  sanitary  condition. 

They  should  be  first  class  and  thoroughly  vit- 
rified,  showing  at  least  one  fairly  straight  face,  upon 
which  sli^t  iciln  marks  are  allowed.  In  size  they  shall 
not  be  less  than  ?  l/st  x  4  x  8  nor  more  than  3  5/4  x  4    x 
9  1/2  inches. 

Aft«r  the  brick  in  the  pavement  are  inspected 
and  surface  swept  clessn,  they  must  be  well  rolled  until 
each  brick  is  firmly  imbedded  in  the  sand  cushion. 

The  Filler. 

The  object  of  the  filler  is  to  make  the  pave- 
ment monolithiff  and  so  unite  the  brick  units  that  the 
wear  on  them  will  be  no  more  than  that  of  friction  and 
grinding. 

The  filler  shall  be  composed  of  one  (1)  part 
each  of  clean,  sharp,  fine  sand  and  Portland  cement.  The 
sand  should  be  dry.  The  mixture,  not  exceeding  one  (1) 
sack  of  the  cement ,  together  with  a  like  amount  of  sand, 
shall  be  placed  in  the  box  and  mixed  dry,  until  the  mass 
assumes  an  even  and  unbroken  shade.  Water  shall  then  be 
added,  forming  a  liquid  mixture  of  the  eoneistenoy  of 
thin  cream.  After  the  joints  are  filled  flush  with  the 
top  of  ttie  brioK  and  sufficient  time  for  hardening  has 
elapsed,  so  t^iat  the  coating  of  sand  will  not  absorb  any 
moisture  frorn  the  cement  mixture,  one-hslf  (1/2)  inch  of 
sand  shall  be  spread  over  the  whole  surface,  and  in  case 
the  work  is  subjected  to  a  hot  summer  sun,  an  occasional 
sprinkling,  sufficient  to  dampen  the  sand,  should  be 
followed  for  two  or  three  days. 


(  ) 


(    ) 


(  ^ 

(      ^ 
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Yard  Plan  and  Track  Layout, 

The  yard,  Plate  (1)  of  (13),  in  bIx  hundred 
(600)  feet  by  one  hundred  and  fifty  (150)  feet  and  adjoins 
the  property  line  of  the  railroad  on  its  longer  side. 
The  elevation  of  the  base  of  the  rail  (inain  track)  was 
assumed  to  he  twelve  (12)  feet  above  the  proposed  finish- 
ed floor  level  of  the  yard.  The  siding  shall  consist  of 
two  parallel  tracTcs  eighty  (80)  feet  on  centers,  track  "A* 
running  parallel  to  the  railroad  retaining  wall  and  fifteen 
(15)  feet  from  it  and  track  "B"  running  the  full  lengAh 
of  the  yard  and  connected  to  track  •A"  as  shown  in  the 
plan.  If  practicable,  track  "A**  niay  be  moved  so  that  its 
center  line  may  not  be  less  than  seventeen  (17)  feet 
from  the  center  line  of  the  main  track.  The  track  to 
which  "A"  connects  is  for  freight  service  only,  the 
switch  point  being  forty-five  (45)  feet  outside  of  the 
north  lot  line.  The  connection  between  this  main  track 
and  siding  "A"  is  riiade  with  a  number  6  1/2  frog  and  a 
reversed  14  degree  ZO  minute  curve.  At  a  point  about 
ten  (10)  feet  beyond  this  ftrog  point  a  turn-out  from  the 
outside  of  the  14  degree  J?0  minute  curve  is  made  which 
connects  with  track  "B"  by  means  of  a  number  6  1/2  trog 
and  a  reversed  20  degree  curve.  This  is  shown  on  Plate  1, 

Another  14  degree  30  minute  curve  is  used  to 
;)oin  to  track  "B'',  If  allowable,  we  were  considering 
having  track  "B"  elevated  a  few  feet  higher  than  track 
"A",  thus  making  the  switch  track  an  inclined  one.  The 
switch  point  on  track  "B"  is  approximately  two  hundred 
and  seventy-five  (2"5)  feet  from  the  south  lot  line.  The 
tracks  are  fso  arranged  that  50  cars  (car  40  feet  long) 
may  be  accommodated  at  any  one  time. 


,(     ^       (  > 
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Pier  Design, 

Below  are  the  oaloulatioriB  for  the  standard 
pier  -  trao^  "A**. 

1 
15-  X  4  1/2  -  69,75  square  feet  area  of  "bottom  of  pier, 

2 
69,75  X  2  =  139,5  ou.  ft,  volume  of  footing, 

322.5  eg.  ft,  volume  of  pier  above, 
462,0  cu,  ft.  entire  volume, 

462  X  150  =69300?f  weight  of  concrete. 

4000f,^-  weight  of  stringers, 

4500#  weight  of  ties, 

1000#  rails  end  fastenings. 
I5g000#  Iftigine  load, 
21 08 OOi^ 'total  load. 

Assume  5500#  to  be  the  bearing  pressure  of  soil, 

210800 
Then   3500  -60,2  square  feet  bearing  area  required, 

Ue  have  nearly  70  square  feet  so  are  safe. 

Footing, 

Using  Professor  Talbot's  fomula  for  Footings  we  have:- 
2  S 

M  =  (l/8  a(l-a)  -h   s/40(l-a)  )V 
where  a  -Z^-O" 

l  =  4«-6'' 

w  =  35005* 

Therefore  M  =  30366 ••# 
Assume  R  =78 


4 


0566 


d  =1/12x78  —  5,7"  for  bending. 

Punching  Shear, 

The  upward  vertical  pressure  of  the  ground  on  the  footing 

is   15,5  X  .75  X  3500  =  40775j^ 

Allowed  shear  is  40sf  per  square  inoh. 

Allowable  shear  =15,5  x  2  x  144  x  40  =17856(^  so  our 

assumed  depth  of  24^  is  0.   K. 


-.J         r 


•'••';  j  •:(-"";• 
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Design  of  stringers  over  Roadway, 

Head  Load  8"  x  12*  tie  S25# 

Rails  and  fastenings  150# 

Guard  Rails  at  60#«  60# 

Total  535# 

Stringer:  assume  2-  15"  I  beams  at  90#  90# 

Total  62^' 
625  X  18  3:  18 
Bending  Moment^    8        "25313  «j^ 


Live  Load:- 

A  live  load  will  be  assumed  for  these  calculations 
which  is  equivalent  to  a  Cooper's  E  44  loading.     The 
position  for  raaxiLiun  "bending  moment  will  be, 


Maximum  L,   L,   B,    M, 

9    ^  18 


44\66 
9/18 


2 


,',    2,44<(3,66<^4,89 


66 
B,    M,  <'  2    X  9  —   22   X   4.5-198000*3^ 

.'.    L,    L.    3.    M.  =198000«j(* 
D,    L,    B.   M.     =  25313 »# 
Allow 

335^  for  impact       =66000 *# 

205fe  tractive  foroe39600'i^ 

Total   B.    M. ^328913 «?* 


<^.> 
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SpeelficationB  allow  an  axial  tension  on  a  net  section 
of  16000  pounds  per  square  incli.  The  effective  depth  in 
this  section  will  be  the  f\ill  depth  of  15".  Therefore 
the  required  net  section  area  <?quals:- 

:^g89i:^  X  12 

15  X  16000  ~  16,45  square  inches. 

Assume 

2-1 5 "-46^  Channels  24.96   sq.  •♦ 

t     .62 

Deduct  4  holes     1"  diameter  2.50 

22.46   sq.    " 

Size  of  bolts  and  rivets  to  be  used  throughout  will  be 
7/8 »  diameter. 

Dej?ign  for  shear :- 

Dead  Load  shear*  9  x  650=5850# 

Maxinum  live  load  3h<=!ar:- 
Position  of  load 


Moments  about  Jl^ 

82(18   13.5   9   4.5) 

18  ^  55000# 

Total  shears  5850 -f-55000—6085C# 

specifications  allow  10000#  per  square  inch. 

The  required  net  area  then  is  60850  4-  10000—6.08  sq.    » 

Design  for  B.   M.  will  govern  in  this  case  and  the  section 
will  be  used  as  assurned. 

The  wood  stringers  used  are  16*  as  has  been  stated 
before.     The  difference  in  depth  will  be  inade  up  by 
connection  plates  a«  shown  on  the  drawings  appearing  at 
the  end  of  this  work. 


MA/N      /?£TA/N/NG     ^ALL 


,/£* 
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N 


» 


14 


Main  Retaining  wall. 

In  the  design  of  this  wall  we  ?»sfmmed  a  height  of 
SO'-O",  figuring  4»-0''  below  ground  level  and  16»-0" 
above.  Below  ia  the  general  data  used  in  the  design  of 
this  wall:- 

-Data- 
Melght  above  ground  level  to  be  16 '-0** 
Depth  below  ground  level  to  be  4'-0" 
Maximum  allowable  pressure  of  the  earth  is  4000#  per 
square  foot. 

Coefficient  of  friction  of  concrete  on  earth  is  .4 
Assume  coal  to  weigh  58#  per  cubic  foot. 
Assume  concrete  to  weigh  15C^  per  cubic  foot. 
Width  of  wall  at  top  is  Ig" 
Tidth  of  wall  at  bottom  is  g'-O" 
Total  width  of  base  of  wall  is  8*-9''  (see  sketch  on 
prec ceding  sheet). 

Wording  stresses  of  steel  is  l5O00j^ 

Working  stress  of  concrete  is  600# 

Shear  is  40^  per  sqpiare  inch. 

Bond  stress  not  to  exceed  110#  per  square  inch. 

This  design  is  to  be  investigated  in  all  cases  for 
Bending  Momemnt,  shear  and  Bond  stress. 
It  was  necessary  to  resort  to  the  ellipse  of  stress  in 
designing  this  wall  and  the  following  sheet  will  explain 
how  the  ellipse  was  constructed. 


M.  C/ 


c/,  ,'!  y  ■  -■•  -•■    ^   ■      I 
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Slllpse  of  stress. 

In  looting  through  many  "booX.!"!  or.  the  fmbject  of 
reinforced  concrete  retaining  Trails,  we  were  unable  to 
find  any  author  ^o  had  designed  a  'rail  for  holding  coal. 
We  were,  therefore,  unable  to  use  a  comparative  design 
and  had  to  resort  to  the  ellipne  of  stress. 

The  ellipse  of  stress  was  constructed  for  a  depth 
of  ten  (10)  feet,  the  construction  l^eing  ss  follows :- 
Assuming  coal  to  wei^  58#  per  cubic  foot,  the  vertical 
pressure  at  a  depth  of  ten  (10)  feet  is  580pound8,  This 
amount  was  laid  off  vertically  to  scale  as  shown  by  line 
OL  (drawing  4  of  13).  Ve   next  lay  off  line  OT  indefinite 
in  length  making  an  angle  with  OL  equal  to  the  angle  of 
repose  of  coal  (SOdegrees  for  our  case).  At  the  point  L 
draw  a  horizontal  line  until  it  intersects  OT  at  B.  With 
B  as  a  center  aJid  radius  BL  drew  the  ore   of  a  circle  so 
that  it  will  be  tangent  to  line  OL  at  L,  The  angle  TBL 
is  equal  to  Z9   •  Bisect  this  angle  by  the  line  BO.  Mow 
at  0  draw  a  line  through  0  parallel  to  BG  and  with  a 
radius  OT  and  0  as  a  center  striKe  an  arc  until  it  cuts 
the  line  OK  at  K.  The  distance  OK  is  equal  to  value  ?• 
Now  at  0  draw  the  line  CC*   parallel  to  the  bacK  of  the 
wall  and  draw  ON  normal  to  the  line  CC«.  On  line  ON  lay 

P±S 
off  the  distance  OB  f^qual   to   2  .   With  any  convenient 
radius  striKe  an  arc  using  N  as  a  center  and  then  on 
this  arc  lay  off  twice  the  angle  that  OK  malces  with  the 
normal  ON.  Through  the  intersection  of  the  arcs  draw 
the  line  NM  ^ich  will  equal  P-Q  •  The  points  L,  K  and 
M  will  be  points  on  the  ellipse. 

Perpendicular  to  the  line  OK  draw  the  line  SOs*  ahd 
with  0  as  a  center  and  OV  as  a  radius  striRe  the  arc  at 
S  and  s*  •  Wie  line  0?  end  OS*  is  equal  in  value  to  Q  , 
The  line  OM  isrill  be  the  resultant  stress  in  direction 
and  intensity.  A  smooth  line  drawn  through  the  points 
S,  L»  K,  M,  S*  TTill  give  the  required  ellipse. 
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The  weight  of  the  wall  is  deterrained  by 
dividing  It  into  sections  and  finding  the  weight  of  eaoh 
section.  The  sections  are  taken  to  be  12"  wide. 


Section  (1)    1  x  20  x  15(^ 


Section  (2) 
Section  (5) 
Section  (4) 
Section  (5) 


1/2  X  10  X  150?^- 

MLtM 

a  X  12  X  2.58  X  150# 

l2■^g8 

2  X  12  X  4.16  X  I50jf 


equals  sOOOi^ 

equals  750jf 

equals  48^ 

equals  10S7# 


(16  -^  19 

(2  X  12  X  2 


12  i 


r  15<#    equals       sgaf 


Total  concrete  load  is  5797  or 

say  5800# 


The  weight  of  the  coal  end  some  earth  above  the  base 

is  410(^ 

Therefore  total  load  equals  5800#  4100#  equals  990Qj^ 

The  distance  to  tlie  center  of  gravity  of  the  whole  mass 

is  found  by  multiplying  the  weight  of  each  section  by 

its  respective  lever  arm,  all  measured  from  a  common 

point  or  line.  The  sum  total  divided  by  the  total  weight 

is  the  distance  to  the  center  of  gravity  of  the  whole 

mass. 

Let  X  equal  the  distance  to  the  center  of  gravity. 

1037x2.4  +-  3750X  5.  4 1  485x7. 3  f  525x7. 5 "h 4100x2.  08 
X  equals — — — 


38723 


X   equals 


9900 


equals  s.91  feet  from  the  extreme  right 


9900 
hand  end  of  base.  All  of  this  is  shown  on  plate  4  of  13. 


Cti>         '\-      '» 
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Sliding  and  Overturning  (  araphioal  ) 


5.6 

—  equals  2,8  so  wall  is  safe  against  sliding. 
2 


14.6 

egtials  7.5  so^  rail  is  safe  against  overturning, 

2 

Stress  at  Heel  and  Toe  of  wall. 

P  (     ^6  e  ) 

Use  the  forraala     *  f  1 '  ) 

A  (      '    L     ^ 

Tvliere     A  equals  area  of  the  base 

L  equals  lenj-th  of  base  in  feet, 

e  equals  the  eoeentrioity, 

P  equals  vertical  component  of  the  resultant. 

e  equals  .2 

L  equals  8,74 

P  equals  10500 

10500  (        .     6  X  .2    )  .  ^ 

Therefore     — —  (  i  -^  )     equals  1200(11  ,14) 

8.74  (  8.74    ) 

this  gives  1S70#  for  Toe 
pnd  10?50jf  for  Heel. 

A  stress  diagram  is  shown  on  plate  4  of  IS. 


u 


r  ■     •,.,,     c, 


X'*     '. 
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Bending  Moment,  shear  and  pond  stress. 


Section  (1)  at  base  (see  plate  4  of  is) 

Thickness  equals  1.9» 

Lever  arm  scaled  equals  3. 45' 

P.  M,  equals  S.'^oe  t   3,45  x  12  equals  SSOOOO^Tf- 

f^-600     f^  ^15000    n^l5    p^.0075     R^98 

U   equals  Rbd   assume  Td  equal  12"  for  all  calculations, 
220000  =  98  X  12  X  d* 
d  =  187 

d-13.7  say  14" 

shear :- 

Allowable  shear  is  40#  per  square  inch. 

Area  of  section  is  12  x  ??  =  276  square  inches. 

Horizontal  component  of  R  =  4600#    (5306  x  ,866) 

4600 

■  ■    -   equals  16,7jf     therefore  o.  k.   for  shear, 
276 

Steel :- 

M 
A- 


220000 

or equals  ,73  square  ■ 

15000x,875x23 
5 
Use  -  inch  round  rods  spaced  5"  c,  e, 
8 

V        4600 

u:r  — ——  _      '■     =  58#  0,1c,  for  boHd  stress, 

-^*;Jd     2x1,  96x,  87  5x23 


:■'        ;  |T 
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Section  (2)     S'-O"  above  section  (1) 

Thickness  equals  1,67' 

Lever  arm  scaled  equals  2,0* 

B.  M,  equals  2025  X  S  x  12  equals  48G00"# 

2 
U  equals  Rbd 

48600  =  98  X  12  X  d 

d  =41.5 

d*6.45  say  B"  at  least. 


Shear  :- 

Area  of  section  =  12  x  20  =  240  square  " 
Horizontal  component  of  E  equals  175(# 
1750 

— ~  equsls  7,3  o.k.  for  shear. 
240 


Steel:- 


48600 
A= — —   '        equals  ,218  say  ,22  square  " 
I5OOOX. 875x1? 

Use  1/2  *  round  rods  spaced  10*  c.o. 

Bond  stress :- 

1750 

a  =  — -  "■  '  equals  37#  o,k,  for  bond  stress, 

2x1. 57x, 87 5x17 

Section  (.?)  iO*-0"  above  section  fl) 

ThicRness  equals  1.41* 

Lever  arm  scaled  equals  .55* 

B.  M.=  310  X  ,55  X  12  equals  2045 "# 


r  ■     ■  < 


'        (    ^ 


-', '  f>' 


'    ) 


.1  (    > 
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z 
M  equals  Hbd 

2045  -  98  X  12  X  d  "^ 

d'^-1.74 

d^  1,S2  say  2" 

Shear:- 

Area  of  section:^  12  x  17=204  square  " 

Horizontal  oomponent  of  R=270# 

270 

■—  equals  l.S#  for  shear  therefore  o.X, 

204 

Steel:- 

2045 
A  t:  —————  equals  ,0111  square* 
iSOOOx. 875x14 

Use  1/2  •  round  rods  spaced  20"  o.c,  as  a  greater 
spacing  is  irapraoticalDle. 

Bond  stress :- 

270 
u  =   ■ ■  ■ — '     equals  14#  O.K.  for  bond  stress, 
1.57x. 875x14 


Design  of  Toe, 
B ending :- 

1370 1-1270 


X  2.58  equals   3410# 


2 


B.M,   equals  3410  x  1.3  x  12  equals  55150 ••# 

M=Kbd^ 

53150  =98  I  12  X  d 

d^=45.2 

d  =  6.74» 


1  !'       '1 


C,    '■ 


,r>. 


81 


Shear :- 

3410 


eqTV5lp  14,55^  which  is  less  than  40#  o.k, 
20x12 


Steel :- 

U  53150 

A ^ • ■  ■■  -  ■-  ■«.-..■  ■    equals  ,19  square* 

f^jd      I5000x.875xl7 

Use  s/S*   round  Tods  spaced  6"  o.c. 

Bond  stress :- 

S410 

u  =  ■  ■  ■-.-■■-  ■- ■  equals  77?^  therefore  o.X. 

2x1. 5x. 875x17 

Design  of  Heel, 

B ending :- 

1190 t  1030 

—  —   X  4.16  equals  463Q# 

2 

B.  M,     equals  4630  x  2  x  12  equals  111000'^ 

111000-98  X  12  X  d^ 

d=92.6 

d  =  9,64»       "Urxerefore  o.t. 

Shear  :- 

4630 

-—     equals  15,8#  which  is  less  than  4(^  o,  Ic, 

28x12 

Steel :- 

111000 

A  =  -  ■-  • —  equals  .30  square* 

15000X.875X25 
Use  7/16"  round  rods  spaced  6"  c.c. 
Bond  stress  figured  to  he  78jf  therefore  o.k. 


.  .'^      -^^ 
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Temperature  steel. 

Per  oent  of  steel  in  stem  Is  .2f^ 
Per  cent  of  steel  in  base  is  .1^ 

Area  of  stem  is  (   18,?:-t'i8,2xl/s)144  equals  S950  square* 

S950  X  ,002  equals  7,86  square" 

186 

— —  equals  ,432  square" 

18.2 

Use  s/4*  round  rods  spaced  12*  c,c. 

Area  of  base  eqi®ls  (8,74  x  1,25)  144  equals  1570  square" 

1570  X  ,001  equals  1,57  square* 

1.57 

"■-■■  equals  ,18  square" 

8,74 

Use  1/2"  round  rods  spaced  12"  o.c, 

instead  of  using  1/2"  and  s/4"  rods  for  temperature 
steel  we  will  vme  all  3/4*  rods. 


II     , . .     .    ^    I ,     '•■•.•  4  •  V      . 
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A«  will  be  seen,  the  dimensione  of  the  drawing  and 
of  the  design  do  not  compare  v«ry  closely.  It  was 
suggested  to  us  that  the  minimuia  width  of  wall  at  top 
should  be  twelve  (12)  inches  and  at  least  one  face  be 
battered,  as  shown  in  the  drawing. 

It  is  our  idea  to  place  concrete  pocXets  at  different 
places  along  this  wall  and  in  this  case  the  wall  would 
have  to  act  as  a  column,  we  are,  therefore,  settli  g  aside 
our  figured  design  and  using  our  assumed  values  in  the 
design  of  the  laain  retaining  wall* 

At  every  twenty- four  (24)  feet  along  this  main  wall 
we  are  to  have  an  opening  to  allow  the  coal  to  mn  into 
the  conveyor.  This  will  be  shown  on  the  main  drawing. 


(■  ) 
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Denign  of  Bin  Partition  Wall. 

This  wall  will  be  oloaely  patterned  after  the  main 
retaining  wall.  The  pressures  will  be  th«  same  as  those 
flgrured  in  the  previous  case  "but  there  are  a  few  minor 
changes  in  dlraensiona  all  of  which  will  "be  oheoXed  in 
the  following  deslgrn.  These  changes  in  dimensions  will 
be  noted  on  the  sketch  as  shown  on  the  previous  page. 

Weight  of  wall:- 

1-M.5 
Stem  — - — —  X  18      equals  22*5 
2 

Base  2  X  1.5  equals  S*0 

If  2 
2  X  — —  X  4,16  equals  12.48 

2  ?7.98 

S7,98  X  15Q#  equals  57005^  the  weight  of  ooncrete. 

The  condition  considered  in  this  design  is  when  a 
maximum  load  is  behind  one  face  of  the  wall  and  the 
other  bin  is  empty. 

Di stance  to  Center  of  Gravity. 

Weight  of  retaining  wall  eqiials  5700#  and  is  applied  at 

the  vertical  axis  of  the  wall. 

freight  of  coal  and  earth  behind  wall  equals  4100^, 

4100  X  2,081-5700  x  4.92  8528  1 28044 

9800  3300 

X=  3.73  feet  from  rigjht  hand  end  of  base. 

(Jraphioal  deterndnatlon  for  sliding  and  overturning. 
11.9 

— —  equals  4.41  o.li.  for  slidiJig. 
2.7 

25.2 

■ -  equals  9.34  o.k,  for  overturning, 

2.7 


•  •■>?f ;•  r> 


f>-'t  Is:-   .fj!*" 


25 


Stress  at  Heel  and  Toe  of  wall. 

Socentplolty  equals  ,58  feet. 
Vertical  component  of  H  equals  10400# 

P     .   *« 

Use  the  formula  —  (  1_ ) 

A        L 

Where  A  equals  the  area  of  the  base. 

L  equals  the  length  of  the  base, 

e  equals  the  eceentriolty, 

P  equalft  the  vertical  component  of  the  resultant. 

10400  4-    6   X  .58 

Therefore (   1  -  — — -    )  equals  1060  (it ,35) 

9.8S  9.8S 

this  gives  14305^  for  Heel 
and  69 6jf-  for  Toe. 

Bending  Moment,  shear  and.  Bond  stress. 

Section  (1)  at  base,  see  plate  6  of  13. 

Thickness  equals  1.5  feet. 

Prom  the  ellipse  of  stress  and  other  drs^n^  ire  have:- 

B.M.  equals  5506  x  3,45  x  12  equals  220000 •# 

M  =  Rbd^ 

220000-98x12  d^ 

d— 14»  therefore  o,1c 

Shear:- 

Area  of  section  eqt^ls  12  x  18  equals  216  square  « 

Horizontal  component  of  R  equals  4600^^ 

4600 

eqiTflls   21.!^    o.k,    for  shear. 

216 
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Steel  for  Section  fl) 

220000 
A  eqwale  ■  '  '  '    , ..  ■  ■  ■  ■     equals  I.IS  «qiiare" 
15000  X  .875  X  15 

Use  8/4  *  square  rods  spaced  6"  o»o. 

Bond  stress :- 

4600 

u  e\;]uals       equals  59#  o.k.  for  bond* 

8X3. OOx. 875x15 

Section  (2) 

Thicltneas  equals  16. 3S  * 

B.M.  equals  2025  x  2  x  12  equals  48600 "# 

48600  =  98   X  12  d^ 

d=  7»     th«reft>re  o.^ 

Shear:- 

Area  of  section  equals  16. S2  x  12  equals  196  square* 
Horizontal  conrponent  of  R  equals  1750# 
1750 

— —  equals  8.9j^    o.X.   fbr  shear. 
196 

Steel :- 

48600 

A  equals  — — — '■■ — '■■■■■     equals  ,27  square   » 

15000  X  .875  X  14 

Use  3/4  *  square  rods  spaced  12*  c.o. 

Bond  stress :- 

1750 
u  equals  — —  -  -  equals  37#  o.X.  for  bond. 

2x1. 96x. 87 5X14 

Section  (3) 

ThieXnefis  equals  14.66   • 

E.M.   equals  510  x  .55  x  12  equals   2045  "^ 

2045  =  98  X  12d'^ 

d-2*  therefore  o.X. 


(   ^ 
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Section  (3)  Shear;- 

Area  of  section  equals  14.66  x  12  equals  176  square" 

Horizontal  component  of  R  equals  270^ 

270 

equals  l.s-tt^  O.K.  for  shear. 

176 

Steel :- 

2045 

A  equals • ©quals  .011  square" 

iSOOOx. 875x12 

Use  3/4"  square  rods  spaced  24"  c.c. 

In  order  to  have  a  uniform  design  we  shsll  use  5/4" 
square  rods  spaced  24"  o.c,  althcT:i^h  this  spacing  is 
far  less  than  actually  required  but  24  "  is  about  the 
maximim  spacing. 

Bond  strews:- 

270 

u  equals  -.——.——  equals  13. af  o.k.   for  bond. 

1.96X.875X12 

Section  (4) 

T^o  rods  of  this  section  will  be  the  same  as  those 
designed  for  section  (3)  as  a  change  in  design  T:ould  be 
impracticable  and  this  section  of  wall  will  take  only 
compression. 

Design  of  Toe. 

Bending :- 

690-1-1000 

■'  X  4.16  equals  "5520^ 

2 

B.M,  equals  3520  x  2  x  12  equals  84500 «# 

84500=  98x  I2d^ 

dt:71.9 

d  =  8.5  "  tJierefore  O.K. 


'T  .  ;<Ti   .' 
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Shear  :- 

Area  of  section  equals  12  i  24  ©quels  P,6e   square* 

Horizontal  component  of  R  equals  3520^ 

3520 

— equals  12. a^    o.X.   for  shear. 


Steel:- 

84500 

A  equals  — eauals  ,si  square^ 

ISOOOx, 875X21 

Use  7/16  •♦  square  rods  spaced.  6"  o.e. 

Bond  stress:- 

5520 
u  equals  ■~— ■-'  equals  I8.!5s^  o.k.  for  bond 

2x1. 75x. 875x21 


Design  of  Heel. 
1450 -MlOO 
Bending  equals    x  4.16  equals  527sf 


B.M.    equals   5275  X  2.2  X  12  equals   139400 "f^ 
159400-  98xl2d^ 
d^- 118.7 
d-io.e"     0.!^. 
Shear  :- 

Area  of  section  equals  288  square" 

5275 

— -=-  equals  18.5^  o.k.  for  shear. 
288 

steel:- 

159,400 

A  equals  '■'■'•       ■   eauals  .51  square" 

15000  X  .875  I  21 

Use  5/8*  rotind  rods  spaced  6"  o.o. 

Bond  stress  figured  to  be  15. 7#  therefore  o.X. 

Temperature  rods  are  to  be  the  same  as  in  other  wall. 


•c-  ••!'.«-    ir ,   ••     '   t  ••     - 
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D«8lgn  of  wall  Between  Piers, 

The  design  of  thie  wall  will  be  made  with  the 
assumption  that  it  will  act  ©s  a  cantilever  and  we  will 
allow  40ft   for  impact.  The  condition  of  maximum  stress 
exists  when  one  »ide  is  lUlly  loaded  and  the  other  side 
empty.  The  loads  as  oomputed  by  means  of  the  ellipse 
of  stress  are  used  here. 

Pressure  at  base  equals  106 Ojf 
40ft  impact  allowed      424# 


12  15  ^ 

E.K.  equals  —  x  1484  x( — )  equals  lS5000»jf 

125000  equals  98  x  12d 

d=-10,4»-M  l/s-'fflreprooftng)  say  12* 

Shear  V  mqasla  7,5  x  1484  equals  III3O5* 

11150 
Unit  shear  v     equals     ■■ '    ■  ■    equals  40 

12  X 

Solving  for  x  we  get  16,2*  and  on  account  of  size 
required  this  will  be  assumed  to  govern, 

Steel:- 

125,000 
A  equals  —————————  equals  ,59  square* 

15000  X  .875  X  16,2 

Use  1/2 »  square  rods  spaced  4"  o,c,  as  the  required  area 

is  not  sufficient  for  reqtilred  bond  stress. 

Bond  stress:- 

11130 

u  •quale equals  110#  o,K, 

3  X  2  X  ,875  X  16,5 

This  design  applies  to  the  section  of  the  wall  to  a 
point  3*-0"  above  the  floor  line. 
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Design  of  section  (3) 

VTrntsBVire  at  S'-O"  section     equals  f40ji^ 
Iitpaot   40^*  equals   256# 

896? 

12  15  * 

B.M.  equals  —  x   896  x  (— )  equals  75340»'# 

8  2 

75940  equals  98  x  12d 

d-8.05"  1-1  l/2»  fireproofing  say  9  1/2" 

Shear  V  equals  7,5  x  896  equals  6720# 

6720 
unit  shear  v  equals  — — •  equals  40# 

12  X 

Solving  for  x  we  get  5. 6"  therefore  B«M«  governs. 

Steel ;- 

75940 
A  equals  '       equals  .72  sq," 

15000  X  .875  X  8.05 

Use  1/2"  square  rods  spaced  4"  e.e. 

Bond  stress :- 

6720 

u  equals  -■--■■  — .   equals  120# 

4  X  2  X  .875  X  8.05 

This  is  too  large  for  tend  stress  hut  the  section  as 
actually  drawn  is  thicKer  so  hond  stress  is  decreased. 

Design  of  section  (5) 

Pressure  at  10 '-O"  section  equals  540sf 
Impact  40^  equals  1§6#_ 

4762^ 
12  15  ^ 

B.M.  equals  —  x  476  x  ( — ->   eqiirln  40500 "V 
8  2 

40500^  98  X  ISd 
d=5.9«' 
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Section  (s)  shear:- 

Shear  V  equals  7,5  x  476  equals  558 (^ 

3580 
unit  shear  v  equals  —  equals  40# 

12  X 

Solving  for  X  we  get  7,5*  say  12"  as  a  less  thlcltness 

would  "be  Impracticable, 

Steel:- 

40500 

A  exuala  ■ ■  ■■    ©quale  .894  square  » 

15000  X  .875  X  10,5 

Use  l/2»  round  rods  spaced  8«*  o,c. 

Bond  stress :- 

5580 
u  equals  ■■  ■■  '  ■ "    "  •      •  -  ■  •    ■    equals  8!#  bond  o,K, 

5  X  1.57  x,875  x  10.5 

The  thickness  of  section  (2)  using  18"  base  and  12* 

top  Is  16*.     The  bond  stress  will  then  be:- 

6720 
u  equals   ■  ■=■  equals  8^  o.lc. 

3  X  2.0  X  .875  X  14.5 

The  reTuaining  height  of  this  partition  wall  will 
have  the  same  steel  as  was  designed  for  section  (s) 
The  section  was  made  12"  at  the  top  on  account  of  the 
additional  wearing  action  of  the  coal,  and  the  top 
comers  will  be  protected  vlth  a  comer  bar. 
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Design  of  Pocket   Type  A 
The  ooal  poclcets  are  flimiiar  in  design  except  that 
type  A  has  foux  (4)  compartments  while  type  B  has  only 
two  (2),  All  the  necessary  Information  in  regard  to 
dimensions,  reinforcing  and  sections  can  be  obtained  by 
referring  to  drawings  8  and  9  of  IS. 

Type  A 

Consider  the  section  ABCD. 
The  loading  is  determined  by 
assuming  sections  whose  pro;J- 
eetions  are  one  foot  wide.  This 
gives  the  fbllowing  loading  for 
this  section. 

Consider  dead  load  at  lOOji^  sq  foot. 

The  average  load  on  this  section  Is  found  by  scaling  the 
line  XY  ihich  is  20.3  x  58#  equals  1180# 

>  1180 
2 


Load  on  section  equals 


100  equals  690# 


B.M,      equals  -~-  x  690  x  (8,5)   equals   VSOOCj^ 

z 
75000  equals  98  x  12d 


d^S"- 


•o 


.(   > 


ss 


Reaction  at  AB  for  I'-O"  section:- 

R  =  (7.6X.9  -f8.  5x1.8  +  9x2.8  -f- 9,  6x5.8  -h  10.Sx4.9  -Mlx5.9  -h 

11.6x6.9  1 18.3x7.9)   +  8.5 

R- 44.25x58 +8 '-S^xl 0/12x150   equals   2566+1064  equgln 

S6R0# 

5650 
^^ ^  X  ^7.56» 

12x40 

Therefore  thickness  is  governed  by  B.M. ,  requiring  10* 

steel:- 

75000 
A  equals  " '  ■     '  ■  ■'  ■    equals   .72  sq.  * 

15000X. 87 5x8.0 

Use  1/2"  square  rods  spaced  4"  c.c. 

Bond  stress :- 

5630 
u  equals  ———————  equals  86j#  o.l:.  for  bond. 

3x  2  X.875X  8.0 

Consider  section  AB  as  a  beam  talcing  the  reaction  of 

565 0#  per  foot  figured  above :- 

M.  equals  -~  x  5650  x  (S)  equals  49000 "# 

^        z 
49000^98   X  12d 

d=-6.44» 

Shear  equals  5650?^ 

5630 
d==  equals   7,56* 

12X40 

Section  will  not  ohange  for  this  beam  action, 
steel :- 

49000 

A  equal*  equals  .47gq.  • 

15000  X  .875  X  8 
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This  steel  is  to  be  placed  parallel  to  AB  and  on 
account  of  conditions  which  will  exist  at  tliiw  point  an 
excess  will  be  used  for  safety. 
Use  1/2"  square  rods  spaced  3"  o.o,   A  eqtials  1.0  sq.  * 

Bond  stress :- 

3650 

u  equEln  — — • equals  87j^  so  o,lc. 

3   X   2  X  ,875  X  8 


Required  Stirrups :~ 

V   =  87-40  =  47# 

d 
S- — =3" 

4 

Pj^  V,  bs  -  47   X  IS  X  3^1700# 

f.  ^  1200(^ 

1700 
A  equals  "-  cq*a&la   ,14  sq,    » 

12000 

Use  3/8*  square  spaced  3"  o,c. 

Design  of  steel  for  section  HJKO, 

According  to  pressure  diagram  shown  on  page  32, 

the  average  load  carried  to  AB  is  690# 

12, 3x9, 3 

Reaction  is  (44,25i >5S=3347# 

8.5 

Average  load  figured  ftrom  diagram  (2)  is  640-M60  for  B.L* 
gives  a  total  of  SOOjf 

12  z. 

M- X  800  x(10)-   120000»# 

8 


•  • 
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Moment  due  to  oonoentrated  load  at  B 


^■-o- 


M   equals  2904  x  24*  equals  69700»# 

M  equals  69700  •*■  120000  equals  189700»3f 

189700  equals  98  x  12  d 

d  equals  16, !• 

Heaotion  figured  above  equals 


3347 


Reaction  due  to  oone,  load  -  x  3650  equals   2903 

5 
Dead  Load  lO'-O*  i  150  equals  1500 

Total  reaotion  equal ?775C^ 


Shear :- 


d  ecjoalfs 


7750 


equals  16, l" 


12  X  40 

A  "beam  section  will  be  used  along"  all  such  lines  as 
H,  J,  K,  (3.  The  depth  will  be  IS"  and  width  12». 


Steel :- 


189700 


A  equals 


15000  X  .875  X  16.1 
Use  3  -  9/l6"  sq.  2»ods« 
Bond  Stress :- 


equals  •90sq,* 


u  equals 


7750 


3  X  5,35  X  .875  X  13,1 


—  equals  82# 


}''!■,.    '-]' 
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V  equals  8S-40  eqaal«<   433# 

d 
S  equals  — •  equals  5* 

4 

P^  equals  V,  to«  equals  42  x  12  x  5  equals  1510?^ 

fj  equals  1300?^* 

1510 

A  equals  equals  .13  sq  •», 

12000 

For  stirrups  use  j/S"  square  spaced  3"  o.o. 

The  remainder  of  section  HJ^':  T/^ill  be  of  slab  oonstruot- 
ion.     The  loading  Trill  be  determined  by  the  following 
figure :- 

L.   L,   equals  S33,f 

D.    L.    equals   10?^ 

740?^ 


M  equals  -^  x  740  x  (10)     equals  lllOOO-^ 

111000  equals  93  X  13  d 

d  equals  9,8'' 

sfiear:- 

V  equals  740  X  5  equals  5700jf 

3700 
d  equals  — —■—  equals  7.7" 
12  X  49 

The  thictaiess  of  the  section  is  therefore  10 »  to  agree 
with  the  balance  of  the  pocket  floor, 

Steel:- 

A  equals 


^^^^ 
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111000 


equals  •878q.    •♦ 


15000  X  .875  X  9,8 
Use  1/2"  square  rods  spaced.  3  l/2  •  o.c. 


■",    { 


(    ) 


VI 


Bond  stress :- 

3700 

U  nqiials equals   72/     O.K. 

3  X  2  X  .875  X  9.8 

Temperature  Steel :- 

.86 
p  equals  — — —  equals  .0065 
11x12 

Kn   thi«  i»?  «x09gsive  .4^  will  be  used. 

Projected  seotion  is  11"  x  lO^-O"*  equcin  1320  aq», 

1320  X  .004  equals  5.28  sq*. 

5.28 

Area  per  section  equals  "- ■ '   equals  .53  sq". 

10 

Use  1/2*  square  rods  spaced  6*  c.c.   o.K. 

Test  of  Bearing  Under  PocXet. 

Loading  (maxiraum) 

169700 

Reaction  of  beam  P&  equals equals  8485(^ 

2 

The  beam  is  16 «  wide, 

84350 
Therefore  loai  per  foot  of  wall  is     ■  equals  6000Q^ 

1.33 

Wei^t  of  wall  and  fill  is  9900/ 

6990C^  * 
69900 

Required  bearing  area  is  eauala  17.5  sq». 

4000 
Area  of  l»se  of  wall  is  8.75  sq  ft.  per  foot  of  seotion. 
This  aotion  is  safe  to  be  considered  as  acting  out  at  an 
angle  of  so  degrees.  The  wall  is  20»-0»  hi^h  so  that 
the  area  then  of  the  base  of  the  vertical  seotion  alone 
is  11.5  X  2  equals  23  sq.  ft.  which  is  greater  than  17.8 
No  additional  material  is  therefore  necessary  to  taXe 
care  of  this  concentrated  loading. 
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Design  of  PooKet  Walls. 

The  pressures  will  be  assumed  from  diagram  4  of  IS 

Design  of  section  QRST  of  this  trail. 
Pressure  at  base  7«-0*  depth  Is  205^ 
Consider  as  a  beaTn  uniformly  loaded, 
12  2, 

U  equals  —  x  410  x  (10)  equals  41000''# 
13 

2, 

41000  equals  98  x  12  d 

d  equals  5.9" 

Shoar:- 

V  equals  410  x  5  «»cnals  2050  # 
2050 

V  equals  equals  4. 5* 

12x40 

Total  thiclcness  then  is  S" 

Steel:- 

41000 
A  equals  -  ■--  •-■  ------  equals  .76  sq  "• 

15000  X  .875  X  4.2 

Use  5/8"  square  rods  spaced  B"  0.0, 

Bond  stress :- 

2050 

u  equals  -„ .  — ■,.-  equals  8(^ 

2  X  2.5  X  ,875  x  5.9 


This  section  may  have  to  be  increased  due  to  the  required 
span  of  20»~0*  between  walls.  It  is  therefore  not 
necessary  to  figure  for  another  sectirin  of  reduced  area 
above  that  just  designed.  On  account  of  the  small  remain- 
ing section  the  required  steel  will  not  be  changed. 

Design  of  vertical  section  leloT?  line  OR  —  of  the  pooKet 

—  for  lateral  pressure. 

?ro;t\  the  ellipse  of  stress  this  pressure  is  72^ 
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Ig  15  z 

M  oqualo  —  X  725  { )   oqiTeilB   40750"/ 

12  2 

40750  eqaals  98  x  12  d 

d  equals  5.9* 

This  indioatos  that  the  same  section  flfwred  ^bove  will 
be  on  the  side  of  safety  for  these  trapezoidal  sections. 


Section  designed  for  vertical  loading.   Beam  MFY 


Section  loading  shown  on  diagram  above,  figured  by 
triangle  method  on  figure  2,  Thesse  are  then  average 
unit  loads  and  must  be  nultiplled  by  I/2  L  or  5*-0"  to 
give  the  reaction  for  which  this  section  must  be  designed. 
This  gives  the  following  diagram  from  which  the  average 
load  is  calculated. 


11 '  - 1 


( — ) 
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Average  reaction  equals   43.5  x  58#  equals  2523# 

1?  t 

U  equals  —  x  2523  x  (15)    equals  851500 »# 
8 


M  due  to  concentrated  load  of  beam  equals  7750  i  6,1 
equals   472750»# 

Assume  dead  load  of  20C^  per  sq.   ft,  of  surface. 
Surface  of  trapezoidal  Rection  is  5.6  x  11,5  equals  64.5 
sq.   ft. 

64.5 
Average  equals  eauals   4. Si" 7  equals  11.3  for  irtiole 

15 
wall. 

Average  dead  load  equals  11.3  x  200  equals  2260# 

U  due  to  D.L.  is  12/12  x  2260  x  fls)  equals  507500 
M  due  to  floor  load  in  pocl^et  is  851500 

ditto  same  851500 

M  due  to  concentrated  load  is  472750 

ditto  saaoe  472750 

3156000 


'!•        .    ,- 


:0-l 


Oil' 


(       ^ 


(      ) 
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M  equals  ^  A  j  d* 

d  equals  depth  of  pooXet  on  vertloal  though  It  should  be 
measured  perpendicularly  to  the  steel. 

St*el:- 

5156000 

A  equal*        ■  ■■  •  ■ equ5l«  2,04  sq.  » 

I5000x.875xl2x(7.   Ji^   ) 
(    ^     2      ) 

Use  2  •—  1  1/8"  square  rods. 


equals  116 


Shear :- 

Due  to   D.L.    equal?  7,5x2360   equals  16900 

"Due  to  floor  load  is  7,5  x  2523  equals  18900 

ditto  same  18900 

Concentrated  load  is  7750 

ditto  same  7750 

7020%F 


Bond  Stress:- 

70200 

u  equals  •— ■    ■  •  equals  76?^ 

2  X  4.5  X  .875  x  117.6 


Design  of  Beam  pe 

Load  dne  to  D.L,   {  "b  equals  16»  and  d  is  7»-0") 

i.  33  X  20  X  7   X  150  equals  2930Qj# 

Reaction  flared  for  beam  PM  70200 

ditto  same  70200 

14040^ 

-  D.  L.  Mom.  is  12/8  X  29300  x  20  is      879000'^ 

Cono.  L.  Mom,  is  12/4  X  I40400x20  is   842400Q«# 

9303000V 


(  ,    . ) 


(..v..       VN 


r-:vv 
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Steel :- 

9303000 

A  equals ■    ■  •    eqiials  8.87  «q«  * 

15000X, 875x80 

Use  4  —  1  l/s  "  sqwcrre  rods. 

Shear:- 

29300 
D.L.    equals  eqUEls   14650# 

2 

140400 
L.L,      equals  — — —  equals  70?5007^ 
2 


84850# 

84850 

d  equals ~ —  equals   133* 

16x40 

The  section  is  thus  found  to  be  siioh  too  small  so  stir*- 
mps  will  be  used. 

Bond  stre«s:- 

84850 

u  equals  — ———————  equals  50# 

4x6   X.875  X  80 

Hequired  gtirsuips:- 
84850 

V  equals  equals  67# 

16   X  80 

67-40   equals   S7# 

Assujue  8   equjiis  16" 

Ps    equals   27x16x16   equals   6900# 
f^   equals  12000 

6900 
A  equals equals  .58sq. » 

12000 

Use  7/8"  round  rods  spaced  16"  o.o. 
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Design  of  Beam  LN. 

Th±B   beam  will  have  the  uaine  dimensione  as  heam  PG  but 
the  loading  requires  revised  beam  steel, 

Ijoading:- 

Due  to   D,    L.    equals  1.35  x  7   x  150  x  20  is  J?9300 

Shear  figured  for  beam  PM  is  7Qg00 

Total  9950^ 

D.L.Mom,  is  12/8  X  29300  x   20  is  879000"# 

Cono.  load  Mom.  is  12/4  x  70200x20  is      4212000 *># 

5091000 »# 

Steel:- 

5091000 

A  equals     ■  ■  ■  ■  ■  ■  '  ■    equals  4.85  sq. * 

15000  X  .875  X  80 

Use  4  —  1  1/4**  round  rods. 

Shear:-      29500 

D.L.  is  equals  14650 

2 
70200 
L.L,  is  —  equals  35100 
2 


49750# 
49750 
V  equals  •  ■  ■■'■"■  •  -  equals  41. 5# 
16x80 

Bond  stress:-  49750 

u  equalB      ■-   ■     ■  — - - - ■ ■   equals  46# 

4x3.93x.875x80 

The  amount  of  shear  in  excess  of  that  required  is  so 
small  it  oould  be  neglected  but  on  account  of  the 
possibility  of  unsymmetrioal  loading  the  minimum  sije 
stlrKtps  vill  be  used  at  a  spaoing  of  18».     The  size 
will  be  s/8»  square  rods. 
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Design  of  Pocket  — Tjrpe  B. 

This  type  will  be  identical  with  MYZL  of  Type  A 
in  plan.     This  re<juire3  that  ooluTnna  must  support  the 
outer  side.   These  occur  at  points  Y,  p  and  U.     The 
following  is  a  summation  of  the  design. 

Section  ABCD.     Niairtoer  of  these  2 

Thickness  10" 

Steel  re(iUired  1/2*   sq.  rods  spaced  4''  c.o.  l2'-0*  long. 

Beam  AB  No. of  these  2 

Thickness  10 • 

Steel  required  4 — 1/2"  sq.  rods.   4»-0''  long. 

3/8"  sq.  stirrups  spaced  3"  e.c.  S'-S"  long. 

Beam  HJKC  No.  of  these  4 

Thickness  18" 

Steel  required  3  9/16"  sq.  rods  401" t.  long. 

S/8»  sq.  stirrups  spaced  S"  c.o. 

Alternate  on  tliig  section. 

Imbedded  T"  -  1^  l  beam  5  pieces  with  connections. 

2  pieces  at  lO'-S" 

1  pieoe  at  4«-6" 

Section  JI^K 

Tliiokness  10" 

steel-  l/2»  sq,  rods  spaced  5  1/2"  o.c,  varying  lenglths. 

Temperature  steel  all  sides  use  l/s"  sq.  rods  spaced  12* 

Sides:-  LO,    OZ,   ML,    FG,   &  YZ. 

Thickness  8". 

Use  5/B'"  sq.   rods  spaced  6"  c.o. 

A  double  row  of  steel  in  partition  ptJ  \7ill  be  necessary 

on  account  of  the  pressure  ftTom  either  side. 

Side  MPY. 

Thickness  12" 

Horizontal  steel  use  5/8"  sq,  rods  spaced  6"  e.c. 

Beam  steel  use  2  7/8"  sq.  rods. 

Design  of  MPY  will  be  found  on  following  page. 


•I    _  ( 


.■'/    .'  ,'-■  ";^\X   :; 


.'   ,'      "»    ; 
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Design  of  MPY. 

See  page  39  for  loading. 

Average  L.L,  rea<5tion  is  4S.5  x  58  is  2525^ 

12  ;i 

M  is  —  X  2523  X  (15)  or  851500 "# 

8 
M  due  to  reaction  of  HJKC  is  7750  x  6.1  op   472750 »# 

12  z 

M  due  to  D.L.  is  —  x  2260  x  (15)  or         507500»# 

12 


Total  M    lasiVSO-^ 

1831750 

Area  for  steel  is  ■- ■  ■  — — is  1.43  sq." 

I5000x.875xl2  (7.0  o.^^) 
(    '  2  ) 

Use  2  7/8 »  sq.  rods. 
Assume  l>  is  12" 

2  X  1831750 

f  is is  68# 

. 37 5X. 87 5xl2x( 117 , 6 ) 

Shear*" 

Due  to  D.L.  is  7,5  X  2260  is  16900^ 

Due  to  L.L.  is  7.5  X  2523  is  1890^ 

Due  to  "beam  reaction  is  7750r 


4555*^ 


Bond  Stress :- 

43550 

IX  is  I  ■  ■     •  -■'      is  6l5r 

2x  3.5  X  .875  x  117.6 

43550  ^ 

V  ie  — —=-- ^  -  is  30.9#  which  is  less  than  40r  o.k. 
12  X  117.6 


(     ) 


II      I 


(  ) 


"   t  •u>r 


"^.i^i5    fit 


(       .  ) 


f:  <u\:' 


yiY 


,::,o  V.N  nv-ri  ■'■.■..■  i 


rOOr/NG    PE6/GN. 


BENDING  MOMENT  TO  BE  CALCULATEP  ALONG  LINE  XX 

AT  FACE  cr  COLUMN. 

PUNCHING  (5HEAR   TO  BE  CALCULATED  AT  /-J  K-l   FACE^ 

DI/^GONy^L  TENSION    CALCULATED  ALONG  LINE   E  F  GH. 
DISTANT      d    /NCHE6    FROM  FACE    OF    COLUMN 

BENDING  MOMENT  CALCULATED^  BY  CONSIDERING 
GROUND  LOAD  ON  TRAPEZOID .  CK-L-D     ABOUT XX. 

PUNCHING  SHEAR    ^ 

1/  =  ^r-a*)\r/ 


Vk 


J^ 


DIAGONAL    TENSION. 

ao    -_^- 

BOND  ^TREJCS     FIGUF^E   ON  LINE  XX 


^o  id 

where 


1/  -  ^W-a^)  ^ 
io=  ^UM  OF  PERIMETERS 
OF  l5ARd. 
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Coltunns. 

Three  columns  are  required  to  support  type  B  poc](cet, 

one  size  for  M  and  Y,  and  a  larger  section  for  p. 

Load  on  column: - 

D.L.  from  LM  is  x   g/s  x  150  60(^ 

2 

D.3j,  ooluTim  a^isuming  12''xl2»  column  S0Q# 

Reaction  from  PM  43550/ 

Roof  load  assume  4(^  per  sq.ft. 40x7. 5x5  iSOOj!'^ 


Total  load     459505^ 

These  columns  have  an  effective  height  of  IS'-O"  The 
steel  section  to  support  this  load  of  46000#  is  by 
(Carnegie  1913  edition) 

4  angles  S  l/2»x  2  l/g^x  5/16 • 
1  plate  8"  X  1/4" 

This  gives  a  column  size  of  Ig'xlg"  when  encased  in 
concrete. 

Design  of  Column  P 

Load:- 

D.L.  is  60Q# 

D.L.  Of  column  is  300?^ 

1/2  Of  PM  and  l/2  of  PY  is  87100# 

Roof  load  40x5x15  is  300(^ 

Total  load   9i00c# 

Effective  height  is  16«-0» 

From  same  table  in  Carnegie  the  section  is 

4  angles  4"  x  3"  x  3/8" 
1  plate  8«x5/l6" 


*CtS.\c       " 


)r''.'ir.or.  '^o 


■     II  •        -     i; 
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Deslg-n  of  Column  Footing. 

Load:- 

D.L,  fipom  "o^evioua  page  is  91000^ 
Size  of  colunm  is  Is^xlS", 

91000 
Required  area  of  base  ia    ■    is  35  sq.feet. 

4000 
12000 
Assume  D.L.  of  'oase  as  — — —  or   3  sq.  feet. 

4000     

g6  sq.feet, 

♦      Size  of  base  therefore  is  5'-2"  by  5*-2" 
(1-a)  is  (5'-2*  -  IM  or  4»-2'' 

f  z  ^\ 

U  is  equal  to  w( 't/Bari-e)  -^  3/40(l~a)   ) 

etiuals   4000(1/8(5.17-1)  -t  3/40(5.17-1)    >12 

equals  385760 *# 
V  equals  (1  -  a  )w 

orC    (5.17)^-   (if  )/:000  or  102800# 
d  equals  -  where  Vp  is  unit  shear  not  greater 


4n-i  V 


than  120#  allowed  by  Chicago  Building  Ordinance. 

102800 

d  equals  - equals  20.4* 

4x1 2x. 875x120 

b  equals  a +2d+ l/2(l-a-2d> 

o5?  12  1-40.8+^1/2(62-12-40.8)   equals   57, 4« 


M  /   365760 


d  equals  l/—-  equalfr 

Rb 


. —  equals  8,1* 

98  X  57,4 


Therefore  depth  for  punching  shear  governs. 


.  *  *^t  .m;;    OV, 


U         ..    1  II 


n      _  I  (I         _  _  I 


(      --    ) 


(        ■      ) 


^  '  -     ) 


^      (      -         .      ) 


(       -  .      ^      ■■    ^ 


(  -         ) 

(      (       ^     -     i  O      )• 


•}■•     1 


(  -     -      ) 
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Required  Steel:— 

365760 
A  equals  ■  eqaals  1.373q, * 

15000X. 875x20. 4 

Use  7  1/2"  sq.rods. 

Bond  Stress ;- 

102800 

u  equals  — — eouals  10.?#  o.K, 

4xl4.0x.875x20.4 

Considering  diagonal  tension, 

Vju-equals   (1  -(ai-3d)    )v 

^     r    12/- 20.4)^ 

V// equals   (5,17  -  ( ))4000 

^  C  12        ) 

equals  134000/ 


d  equals 


40(ai-2d).V^^^ 


V.  allowed  t>y  Chicago  Building  Ordinance  is  40^ 
134000 

d  equals? — — — ■■■--■■-■   —  equals  18, 1* 

4  (12^40.8)  X.875  x  40 

91000 
Concrete  bearing  area  required  is     ■  or  227  sq.feet, 

400 

Mate  the  footing  a  bloolc  5»-2*  x  5«-2"  and  2*-0'*  high. 

For  the  eolumn  base  and  cap  design  see  plate  9  of  13 

The  design  of  oolumn  footing#2  is  similar  to  the  one 
just  worlced  but  on  account  of  the  changes  In  size  of 
footing  and  new  steel  we  will  show  our  calculations. 


«,r; 


..<...     y'L      \    -ji-.fo  


(        '-    ) 


{v>.{Li ] 


(  ^ 


.r      ■-.    r,r^  ^y."\':     .   yyy  ■ 


)   '• 


•  J"  "  .  .         rr- 
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Design  of  Coluriin  Footing  #2 


D,L.  as  in  previous  case  is  46000# 

46000 
Required  area  for  ooluian  load  is  -----  or  ll.^si.ft, 

4000 

8000 
Assume  D.L.  footing  equal  -r-r  or       S.Osq.ft, 

4000 

Assume  size  of  base  to  "be  5*-9*'  square. 

1-a  equals  3 '-9"  minus  l*-0"  equals  s'-B" 

(   ,  ^  3) 

M  equals  4000Cl/8(5.?5-l»)^  S/40(S.75-1» ) )18 
equals  130240 •# 

V^    equals   f3.T5>  -   fl)   X4000   equals  60240!^ 

60240 

d  equels  — -— equals  12" 

4xl2x. 875x120 

b  equals  12^  241-1/2(45-13-24)  equals  40, 5» 

/  120240 
d  equals  [/ -■ "      equals  5.4" 

]i      98x40. 5 

TJierefore  depth  for  punching  shear  governs, 
steel:- 

120240 

A  equals  - -  -  ■  ■  ■■■-■-  equals  ,77  sq.  * 

15000X. 875x12 

Use  5-5/8»  sq.  zrods. 

Bond  s tress :- 

60240 
u  equals  —       ■  ■  equals  11^  o.X, 
4. 12. 5X. 87 5x12 


■1  .VIA    ,<* 


Cv  <    h 


,-,    >•.'  -1 

(1     ■_! 

•  ,  ■'      (  .     - 

) 

r, N'V  ;• 


"y  cof'^r  r: ■^  -  f ■ ".   ) 


.>  J  ■\  >v-iv.    •      -■'    / 


?V.    t. 


■     ■r'^'i^. 
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Considering  diagonal  tension. 

V,x  equals    (3.75-   ( ^      >4000 

^  (      12      ) 

equals   4024C# 

40240 

d  equals  '■  ■  ■       ■       '  '  ■  ■    ■  ■ ^---  -— ftquals  8* 

40(i2>24)   X,875  X   40 

46000 

Concrete  bearing  required  equals  equals  115sq, " 

400 

Therefore  maXe  the  footin^r  a  concrete  "blocX  s'-S*  square 
and  12*  high,  Tor   the  column  base  and  cap  design  see 
plate  9  of  13. 


( ^        -.  V.V^ 


0*.     If     :—       .  (■     •  ■       N    -N 


♦  I'rjrSiX    Ji  I  v.  it' 
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Alternate  to  beam  oonstruotion  HJKC, 

This  beam  may  be  omitted  if  a  at eel  I  beam  can  be 
inserted  so  that  equB.l  strength  is  developed.  Such  a 
construction  will  greatly  simplifj'  the  form  worlc, 

T 
M  equals  s— 
C 

The  moment  fie:ured  from  a  precrs-jding  page  was  1897  00  "# 
189700 

Therefore equslB  10,52 

18000 

Use  8  7"     15#  I  beam. 

On  ao*?ount  of  the  doubtful  result  of  bending,  the  follow- 
ing design  will  be  used.  The  section  neglects  any  effect 
of  the  surrounding  concrete. 


A  0]cetcn  on  this  sheet  is  not  necessaxy  as  a 
detailed  dravving  Is  shown  on  plate  g 


Consider  the  splice  plates  shown  on  the  above  fignre  as 

ta*:lng  the  entire  shear  and  the  cover-plates  to  taKe 

the  moment. 

Shear  as  has  been  figured  was  7750# 

Using  5/8"  rivets  the  required  number  is  only  3,  Five 

will  be  used  however  with  the  minimum  thioKness  of  plate 

i.e.  s/8»  thitrlc  on  each  side  of  the  web. 

Cover  Plates, 
The  cover  plates  are  to  talie  the  full  bending  moBent, 
MaKe  section  moment  equal  to  moment  of  assumed  member. 


"  .  "VtV. ;     ■  :.-i    •'-*/..:    •;.  j  I. 
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Moment  of  Inertia  of  section  equals  36,2  * 

Moment  of  plates  equals  M*   equals  2q.t'^ 

M«   equal  to  or  greater  than  36.2 

Assume  7/16"  plate, 

36,2  less   than  2C3.66-,38)7/l6(3,5 /',22) 

36,2  less  th82i   o9,8 

This  consider*;  one  plate  on  top  and  one  on  the  lower 
side,   the  latter  being  in  tension  and  therefore  will 
have  subtracted  from  its  area  that  due  to  rivet  holes. 
Rivets  in  single  shear, 

16000xS.S8x7/l6 

Required  rivets  equals  •■■■•■-•■-■■ — •■   equals  4 

3x3068 

Required  length  of  piste  is  2x3x3  equals  18 », 

The  rivets  will  then  be  placed  in  each  flange  as  shown 
below  in  the  figiare, 

pee   plate  g  for  detailed  drawing* 
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Design  of  Roof  Truss  for  Hard  C»al  Bins. 

The  hard  coal  bins  are  the  only  bins  to  be  oevered 
as  the  burning  properties  of  hard  ooal  seem  to  be 
affected  If  the  coal  is  exposed  to  the  weather. 
The  following  data  is  given  for  the  design  of  the  truss. 

span  ef  truss  is  55*— 6* 

Trusses  spaceti  15*— O"  o.  to  o. 

There  are  five  equal  panels;  the  lurlins  to  be  placed  at 
panel  points  only. 

specifications  used  are  0.  S.  Schneiders. 

Loading. 

The  roofing  chosen  was  composition  roofing,  weigh- 
ing 10  pounds  per  square  foot,  weight  of  snow  tras 
taKen  from  the  specifications  as  18#  per  square  foot. 
The  normal  wind  load  specified  is  20#  per  square  foot. 

Weight  of  purlins  from  the  specifications  is 

fPI)   """  -^ 
W  equals  J  — -  -  l/4  :  where  P  is  the  lo^d  per  souare 

V  45 
foot  on  the  purlins  and  D  is  the  distance  between  trusses, 
substituting  these  values,  W  is  S.75   from  a  sirnilar 

Pi 
femula,  W  equals  ——————— 

300t  'Oh  -^  pd/s 

W,   or  the  wei^t  ef  truss  per  square  foot  was  found  to 
be  2.1  pounds. 

Then  the  total  load  is  equal  to  the  sum  of  these;   or  the 
steady  load  is  33.8j#  ^r  square  foot  and  the  wind  load 
20#  per  square  foot:    normal  to  the  rafter. 
Using  these  values  the  stresses  were  obtained  graphically 
and  tabulated  in  Table  A  see  previous  page. 
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Design  of  Purlins, 

The  "bending  moment  for  a  beam  uniformly 
loaded  and  fixed  at  both  enda  i«  M  equals  l/8wl  irtiere 
W  is  the  uniform  load  normal  to  the  rafter. 

Normal  component  of  uniform  load  is 
33,85  X  cos  a   eiii^ls   33,85x,9     or     30.46 
Tind  load  is  20 

50,46 

Those  values  were  slightly  excessive  so  50/  was  taKen 
as  the  uniform  load  per  foot.  The  distance  between  the 
purlins  is  8,6fe«t.  z 

50x8.6x(l5)xl2 
Therefore  M  equals  --  ■■  is  145125  ^ 

8 

SI       T         M         145125 

M  equals  —     or    ~  equals  —  equals     ■  «r  9,07 

CCS  16000 

the  section  modulus. 

An  S"  —  13. '''s^  channel  has  a  section  modulus  of  9,00, 

so  this  section  -will  be  used  for  all  purlins. 

Tension  Members 

Article  48-spocifications  states  that  the  length  ef 
riveted  tension  merttbers  in  horizontal  or  inclined 
positions  shall  not  exceed  200  times  their  radius  of 
gyration  about  the  horizontal  axis.     The  horizontal 
preelection  of  the  unsupported  portion  of  the  member  is 
to  be  considered  as  the  effective  length. 

Article  S4:-  Tension,   net  section  rolled  steel  is  16000# 

Tension  member    Bottom  chord. 
Maximum  stress  is  21500#  and  the  unsupported  lengtti  is 
95" 
21500 

equals   1,344* 

16000 

Two  angles  3x2x5/16"  have  an  area  of  2,94  square  inches. 


'-  ■(  ■) 


yf'L'i]  "•  .c 


'io    •';'- 


\(  ,';    j  o   rri*:'''   i-  ^ 
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Since  we  are  using  5/8"  rivets  the  area  to  be  deducted 
to  obtain  the  net  area  ia  2(5/8  1/8)  r.  5/l6«»  or  .46» 
Wet  area  is  2.48  sq,  inches  whioh  is  greater  than  1.S44 

95 
Least  radius  of  gyjration  is  -—  ig  105  so  since  this 

90 
section  has  sufficient  area  and  its  ratio  of  l/r  is  less 
than  200  we  will  use  it. 

Tension  Member  Dff 
Maximum  stress  is  6600^  and  the  unsupported  length  is 
172" 
6600 

-— —  equals  •413" 
16000 

One  an^le  2  1/2x2x1/4  has  an  area  of  1.06  sq,  inches. 
Deduct  one  hole  at  ,19  is   ,19 

,87  net  section. 

Use  this  also  for  CH,  PI,  *  MNK. 

Compres!3ion  Memi?ers 

Article  47  of  tl.y  specifications  states  that  the  effect- 
ive length  of  main  oompression  members  shall  not  exceed 
125  times  their  lea«t  radius  of  gyration. 
Article  59:-  Axial  compression  on  gross  section  of 

701 
column  is  16000  -  —  with  a  maxiiam  of  14000# 

R 
Compression  Member  AB 

Stress  is  19460^  Length  is  103» 

Assume  P  at  10000# 

19460 
Assumed  area  is  — — —  equals  1,946 

10000 

Two  ang-les  have  an  area  of  2,94  ( 3x2x5/16 ») 
Least  radiUB  of  gyration  is  ,85 
L     103 

—  is  equals  121 

r    ,85 

P  from  table  3  is  9770  so  this  section  will  be  U8«d. 


♦  "    i.;  ,-     ;  V   r 
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ICeniber  DJ* 

Try  S  angles  4x3x5/16  Area  is  4.18 

Least  radius  of  gyration  is  1,27 
70L     70x160      1120 

is    ■     is is  8818 

r        127        127 

16000-8818  is  7188 

7, 182x4. 18  is  greater  than  12260 

125  X  1,27  is  approximately  equal  to  16 O"  so  this  section 

will  "be  used  fbr  DP. 

Member  EP. 

Stress  is  llsSOg'f  and  length  is  17s« 
Ttto  angles  5x5x3/8»  have  an  area  of  6.10* 
Least  radius  is  1,44 
70L   70x173 

is  is  8410 

r      144 

16000-8410  is  7590    and  7590x6,10  is  greater  than  11520 

125  X  1,44"  is  greater  than  173*  so  ?>  section  of  two 
angles  5x3  1/2x3/8 •  will  be  used, 

MeTiiber  BH 

Stress  is  7840  and  length  is  103" 

Two  angles  3x5x5/l6»  have  an  area  of  2.94 

Least  radius  is  ,86 

70L  7210 

16000  -  is  16000 is  3384# 

r  86 

8384x2,94  is  greater  than  7840 

125x,86  is  greater  than  103*  so  this  section  will  be  used. 


n(>.\J-''->P    r  ■;,   ♦      .■•    "0-^1    r' 
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Memter  00 

Maxiimm  atresf?  is  9740  and  length  is  127  •» 

Tiro  angles  3  l/g  x  2  1/2  x  1/4 •♦  have  an  area  of  2.88 

Least  radius  of  gyration  is  1.06 

70L  70x127  8890 

16000  -     — —  Is  16000 or  —  In  8390 

r  1.06  100 

8390  X  2.88  is  greater  than  9740 

125  X  1.06  is  greater  than  127  so  this  section  will  be 

used. 

Member  ML 

Maxiinura  stress  is  753O  and  length  is  98 » 

Two  angles  3x2x5/16 »»  have  an  area  of  2.94''sq. 
Least  radius  of  gyration  is  .87 

70L           6860 
16000  -  is  16000 is  8115 

r  .87 

8115  X  2.94  Is   greater  than  7530 

.87  X  125  is  greater  than  98*   so  this  section  will  be 

used. 

Also  use  this  section  for  member  LK. 

Rivets. 

Article  79  of  the  specifications  states  that  the  mininum 
distance  between  rivet  hole^  equals  3  times  the  diameter 
of  rivets  or  3  x  5/8  equals  1  7/8"  But  if  possible  this 
distance  should  not  be  less  than  2"  A  Toiniraum  spacing 
of  2  1/2"  is  used  throughout  the  truss.  The  maximum 
pitch  in  the  line  of  stress  shall  be  4  1/2"  for  5/8" 
rivets.  5/8*  rivets  and  3/8"  gusset  plates  are  used. 

Rivets  in  Top  Chord. 

Strength  is  9770x2.94  or  28724 

28724 

— — -  is  5  shop  rivets. 

5630 

Members  BI,  CH  &  DO. 
Strength  is  .87  x  leOOOor  13920 
13920 

— —  is  3  rivets 
5630 
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Rivets  in  Memtiers  HB-LK-ML 

As  these  members  Have  the  same  section  as  the  top  chord 
we  will  use  5  rivets. 

Member  QC 
Strength  ag39Qx2.gga2»fi63 
24163 

— a  5  rivets. 

5630 

Member  Fd 

Strength  ■  7182  x  tK.lg  «■  30000 
30000 

s  6  rivets* 

5630 

Member  EF 

Strength  =  7590  x  6«10  «  46300 
1I-6300 

— —  «  V  rivets  but  stress  Is  l/M-  strength  so  less  rivets, 
5630 

Member  MM. 

Strength  =  .87  x  16OOO  =  13920 

13920 

•— — -»  3  rivets, 

5030 

Lateral  Bracing* 

Ro'jnd  bars  7/8*  In  diameter  will  be  used  for  lateral 

bracing. 

Article  iW  of  the  specifications  states  that  the  worKlng 

stresses  for  compression  or  tension  may  be  Increased  to 

200 00# 

A  X  20000  «  ,60  X  20000  «■  12000#  tension. 

Shear  on  pin  =  2pld/M-  x  12000  »  12000 

d  »  .7937 
^gume  lateral  plates  5/l6«thlcl:, 

Bearing  on  plm  «  5/16  x  d  x  2»^000  «  12000 

d  »  1  jA" 
from  page  320  of  Cambria    a    1  3/^*  plh  calls  for  a 

3     1/2 •  head  on  clevis* 


♦  riei'lv   J  ■ 


♦  tJ©v.t'i:  ^  ■■ 


»nolEmS  ijooosx  •  oooos  x  Od»  «  ooOo^;  x  A 

0005X  ■  0OCM»Si  3t  i  y  dX\<f  K  Mlrr  .'<C  r  .rri  ; 
.»4i\  ir  X  »:  ^ 

#Rlv«i.r.o  no  br.i'n  ^>\i    a 
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There  Is  a  posglblllty  of  tear  or  split  wnen  a  Hole  Is 
punched  too  near  an  edge  as  shown  in  the  figure. 
(1. 6x5 /l6x  X    )12 000=1 2000 

xa2,09  

Por  split   (x-l)5/l6  X  16000  «  i^OOO 

X  =  l,»H  for  split. 
Shearing  value  for  rivet  «  3680  r~\ 

12000  ys(  V 

— ~  «  4  rivets  reciuired  in  plate» 
3680 


Design  of  Shoe* 

The  vertical  component  of  the  pressure  at  the  joint 
of  support  «  1116(^ 

Bottom  chord  section  «  2  angles  3  %  z  x  5/l6» 
Width  of  plate  =  2  X  ii  at  5/16  x  3/8  «  4  and  3/^" 
Allowed  -oressure  on  concrete  walls  «  600#  per  sq^*  inch. 
11160   " 

—  *  lg«6  sq.,  inches. 

600 

18*6 
-__ a  3,y  Inches  »  minimum  length  of  bearlxig  plate. 

»U75 


MaKe  "bearing  plate  8*  long.  There  must  iDe  sufficient 
space  on  either  side  for  anchor  bolts.  Allow  3"  on 
each  side.  Therefore  the  dimensions  of  the  plate  will  be 
8«  X  10"  X  1/2 «  thicK. 
Use  2  anchor  bolts  •  bheetr  on  each  eoLuals:- 

1/2  X  16000/2  (10  3/4  -2)  =^   ^ttOOOf  Shear  on  each  bolt. 
Use  1  and  l/2»  anchor  bolts. 


"s\X  .:;  "OX  X  »» 
..;i'.)(.'   na>;«j   ..  ■-■■  ('.>-   V\i.  CX)    ?i\OvH.rU  ;x   S\x 
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Design  of  Pocket  Covering. 

This  roofing  has  the  function  of  keeping  snow,  rain 
and  other  matter  out  of  the  coal  pocK.ets  and  therefore 
out  of  the  coal.  Keeping  it  as  clean  as  possible.   The 
roof  will  he  of  steel  construction  throughout.   The  roof 
covering  will  be  of  galvanized  iron  supported  by  steel 
beams  i^loh  in  turn  are  supported  by  steel  oolunms 
rising  from  the  top  of  the  pocKet  walls.     Plate  1.^  shows 
the  typical  covering  for  any  section  of  pooXet,   Type  B 
will  drain  out  into   the  roadway  and  type  A  will  drain 
to  the  line  over  the  center  of  the  roadt^ay  and  thence  to 
the  ends  of  the  poclcet  ^ith  a  slope  of  1/4"  per  foot. 

Loading  beam  A 

Vind  load  neglected. 

Galvanized  iron     3  x  7.5  x  10  is       S2^ 

I  225T(lofxlP, 

-  ecfuals  — — — equals  2.11 

C  8x16000 

Assume  a  7.5(#  section. 

X  7.50xfl0)xl2 

-  equals     ~ equals. 08 

C  8x16000 


Total         2.19 

Use  a  4"    —  7.25#  Channel. 

Beam  between  coltumis. 
Loading  beam  B 

Reaction  is   5(2251-7.5)   is  116(# 
1160 

M  is  X  7.5     or  4350# 

2 

I  4350x1? 

-  equals  or  3.26 

C  16000 

Assiyne  a  9. 50#  section. 

Using  same  method  as  above  we  find  that  we  need  a 

5"     —  9.00#  Channel. 


(    ^ 


1       ^ 
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Design  ©f  the  Post. 
Los.  ding. 

Reaction  of  Beam  B  sustaining  load  is  1160/- 

r.  L.  is  9.00  X  15  or  13^ 

Reaction  of  "beam  B  sustaining  load  is  1125 

D.  L.  is  7.S5  X   5   or  56# 

Assume  D.  L.  of  column  as  40# 

Total    2497# 

ARstrme  height  of  post  as  g^-O" 

Loading  is  2497  say  250C# 

On  account  of  the  light  loading  sufficient  riveting  room 

will  determine  the  size  section  to  toe  used, 

T/'e  will  use  2  -  3"  -  4.0(^  Channels. 

See  Plate  13  for  detailed  drawing. 


Coal  Conveyor. 

As  will  toe  seen  on  ^eet  or  plate  5  of  13,   a 
conveyor  pit  runs  along  the  toase  or  rather  is  cut  into 
the  base  of  the  main  retaining  wall.     There  are  openings 
along  the  wall  at  intervals  of  24  feet  through  which 
the  coal  runs  into  the  conveyor.  No  dRsign  or  drawing 
has  toeen  made  of  this  conveyor  tout  it  will  toe  of  a  design 
to  toe  passed  upon  toy  the  engineer  of  construction.   This 
conveyor  will  toe  made  to   conform  with  the  size  of  the 
pit  and  toe  operated  "by  electricity.   It  is  our  idea  to 
run  the  machinery  at  night  only  as  that  will  toe  ample 
time  to  fill  the  different  pocTcets. 

When  the  conveyor  reaches  its  respective  pocket 
it  will  travel  up  to  the  top  of  the  pocK^st  and  then 
discharge  the  oo?.l,  passing  down  on  the  opposite  side. 
At  the  openings  in  the  walls  where  the  coal  runs  into 
the  conveyor*  a  sheet  or  plate  of  steel  will  extend  as 
a  chute  to  allow  the  coal  to  drop  into  the  conveyor 
without  clogging  the  pit. 

Tile  drains  provided  for  toins  and  roadways  shall 
toe  passed  upon  by  the  engineer  toefore  toeing  placed. 

Although  no  mention  of  it  has  toeen  made  we  will 
use  a  1:2:4  mix  In  all  cases  in  concrete  work.   The 
floors  of  the  tolns  will  toe  reinforced  with  1/2 •♦  square 
rods  spaced  24"  center  to  center. 
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The  coal  bins  will  be  provided  ^ith  a  mechanical 
device  Known  as  a  "drag  ralce"  and  this  will  be  used  to 
drag  the  coal  from  the  trestles,  where  it  is  dixmped,  up 
to  the  main  retaining  wall.  It  is  then  allowed  to  fall 
into  the  conveyor  and  is  hoisted  into  the  pockets. 
The  pooRets  are  to  be  fitted  with  a  mechanical  chute  to 
discharge  the  coal  into  the  wagons  or  auto  trwclcs. 


We  are  greatly  indebted  to  the  Professors  of  the 
Civtl  Engineering  Department  of  the  Armour  institute  of 
Technology  for  their  many  suggestions  and  valuable 
assistance  in  compiling  this  thesis. 
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